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INTRODUCTION
Pathogenic microbes can be cultured to aid in identification and this is normally used as the gold standard for the majority of bacterial infections. For many other infections such as viral, rickettsial and amoebic, they represent a good reference method. In most of the parasitic infections, culture is not a routine identification technique. However, culture is useful for clinching the diagnosis in some protozoan parasitic infections, e.g. in case of Central Nervous System infections by free living amoebae; and also culture has immense role in research related to pathogenic parasites. Parasite cultivation is a tricky task, which requires expertise and knowledge of all kinds of microbiological cultures. The earliest attempt in this field was the Novy, Mc Neal and Nicole (NNN) medium for Trypanosoma and Leishmania, made by Novy and McNeal in 1904 [1] and modified by Nicolle in 1908 . [2] Success in establishing in vitro and in vivo cultures of parasites has allowed their morphology, physiology, behavior and metabolism to be studied dynamically; this understanding has helped tremendously in diagnosis, management, control and prevention of human parasitic diseases.
USES OF CULTIVATION OF PARASITES
Cultivation of parasites is invaluable for a number of reasons, which may be broadly divided as follows:
Patient care
Cultivation is an important adjunct to diagnosis of many clinically important parasites, for example, Entamoeba histolytica, Trichomonas vaginalis, Leishmania spp., freeliving amoebae (FLA) and Trypanosoma spp. Live parasitic cultures are used for detection of drugresistance and for screening of potential therapeutic agents.
Research
Parasite cultivation may be used to study the biochemistry, physiology, and metabolism of the parasites, determine their nutritional requirements, understand their ultrastructural organization, elucidate their patho physiology, lifecycle and hostparasite relationship, as well as assess functional antibodies and cellmediated protective systems against the parasites. It is also of use for producing antigens used to prepare monoclonal and polyclonal antibodies against the organisms for use in immunological tests, for providing the inoculums used for experimental animals and for obtaining serological reagents. Identifying specific proteins that enhance the invasiveness of parasites may help in developing monoclonal antibodies to neutralize parasitic invasion. In vitro cultivation also provides a system to assess vaccine efficacy, since that can be done only by using intact parasites, obtained in large quantities and without the contaminating influences of host components.
Epidemiology
Cultivating parasites may help in differentiating clinical isolates. The techniques such as isoenzyme electrophoresis, monoclonal antibody techniques, and/or DNA probe techniques can be easily applied on cultures; to explicate isolate and strain differences which are useful for epidemiological studies.
Teaching
For demonstrating the characteristics of pathogenic parasites to medical students to facilitate understanding the morphology and physiology; while keeping a stock of cultured parasites is of enormous worth.
DIFFICULTIES IN CULTIVATION OF PARASITES
Parasite cultivation techniques are complex procedures involving a number of issues, some of which are known while some are still undefined Most of the parasites have complex lifecycles with different morphological stages and may have both coldblooded and warmblooded animals as hosts within the life cycle. These stages involve number of variables including parasitic form, host site, host temperature, host immune responses, parasite species and/or strain, and parasiteprotective mechanisms. To simulate the host environment, especially in an in vitro culture system can be extremely demanding, assuming one can actually determine all the relevant variables. [3, 4, 5] Parasites are often fastidious and require medium components that may be toxic. Filter sterilization may be required in some cases. Human or animal sera, which are expensive and highly variable are usually required for successful culturing of parasites. In some cases, growth factors have been identified and substituted for serum. Much research has been devoted to the development of defined media, although, even with the elimination of serum, other components may not have been totally defined. [6] TERMINOLOGY Three types of culture media may be used for cultivating parasites: Positive controls need to be run in parallel to keep a check on the medium and the method used. [6] 
IN VITRO CULTIVATION OF DIFFERENT PARASITES Luminal parasitic protists
Luminal protists are first grown in xenic cultures, gradually weaned, then isolated in axenic cultures. While T. vaginalis and Giardia intestinalis can be established directly into axenic cultures, E. histolytica and Blastocystis hominis have never been grown axenically without first being established in xenic cultures. Dientamoeba fragilis and Balantidium coli have never been grown successfully in axenic culture to the best our knowledge. [12, 14, 15] Some of the important media used for cultivating luminal parasitic protists are described in Table 1 . Figure 1 shows the flowchart of culturing luminal protists.
Culture is a very sensitive (95%) procedure for the diagnosis of trichomoniasis. [16] It is recommended when microscopy is negative. T. vaginalis grows best at 35°C37°C under anaerobic conditions. Trussell and Johnson's medium and simplified trypticase serum medium with pH 5.56.0 are suitable for isolation of T. vaginalis. A commercial and proprietary product with a reasonable shelf life called InPouch TV (Biomed Diagnostics Inc. White CityOR, USA) gives comparable results and has the advantage of being self contained. [17] Maintenance of cultures Culture is often the most readily available procedure for diagnosing infection by FLA. [18] Naegleria and Acanthamoeba are easily isolated from environmental samples; However, the isolation of Balamuthia is a complicated task due to the parasite's slow growth, apparent inability to feed on bacteria, along with the presence of highly competitive soil fauna (fungi, bacteria, other protozoa, and metazoa). [19] The important media used for cultivating FLA are summarized in Table 2 . Naegleria spp. and Acanthamoeba spp. grow readily on nonnutrient agar or agar media containing low concentrations of nutrients in the presence of living or killed bacteria. Nutrients enhance bacterial overgrowth and inhibit the proliferation of amebae. The bacteria of choice include nonmucoid strains of Klebsiella pneumoniae, Enterobacter spp. and E. coli, the presence of a mucoid capsule impedes phagocytosis by amebae and leads to bacterial overgrowth. [20, 21] In Acanthamoeba keratitis significantly higher sensitivity of parasite detection can be obtained with samples processed by filtration compared with centrifugation. [20] Balamuthia does not grow with bacteria as a food source, but has been grown from brain tissue by providing tissue culture cells as a feeder layer. [22] Freeliving amoebae are first grown in xenic cultures, followed by gradual axenization. To various degrees, these parasites can be established in axenic culture from initially bacterized cultures by providing an enriched nutrient medium with antibiotics (penicillinstreptomycin and gentamicin) added to inhibit growth of contaminating bacteria. [18, 19] All three genera can be grown axenically in the presence of tissue culture monolayers, where the tissue culture cells provide a feeder layer for the actively phagocytic amebae. [18] Hemoflagellates Culture is useful for diagnosing difficult cases of leishmaniasis, particularly post kalaazar dermal leishmaniasis. The commonly used media used for cultivation of hemoflagellates are summarized in Table 3 .
The nutritional requirements of these parasites has been determined using cultivation techniques. Haemoflagellate culture has not only provided a basis for selecting or designing antimicrobial agents that can be tailored to specific pathways, but has also helped in knowing mechanism of antigenic variation, defining immunogenic antigens, and developing attenuated strains that can be used for protecting humans and cattle from hemoflagellatecaused diseases. [11] Leishmania promastigotes are cultured at temperatures below 28°C. [23, 24] NNN medium, first used for isolation of the agent of oriental sore by Nicolle, [2] and other biphasictype media are routinely used for maintenance, producing yields of 10 -10 cells/ml. [25, 26, 27] The original formulation of NNN medium remains useful for establishment of strains in culture. [4] A number of media developed for trypanosomes, either directly or with modifications, have also been used successfully to culture Leishmania promastigotes. Blood, preferably anticoagulated and heat inactivated rabbit blood is an essential component of these media. [4, 25, 27 ] Axenic growth of amastigotes in cellfree media has been recently achieved but the yield is less. All Leishmania strains are not well adapted to grow in cellfree media. [11] In cases of leishmaniasis, blood samples, needle aspirates, and punch or deep organ biopsies can be used for culture. In a study done by LópezVélez et al. the hemoculture positivity was found to be 67%, with average growing time of 10 days. [28] More useful samples are spleen aspirations (94% positivity), liver biopsies (76 90% positivity), and bonemarrow biopsies (7690% positivity). [29] However, as retrieval of liver and spleen biopsy specimens can result in severe complications, most preferred is the use of hemoculture. Sensitivity of the culture reported in the course of cutaneous leishmaniasis is comparable to that of visceral leishmaniasis; however, contamination concerns much more cutaneous samples than blood or bonemarrow ones. [30] Bello et al. have demonstrated interaction of Leishmania chagasi with cells derived from Lutzomyia longipalpis (the main vector for this parasite), as well as the development, biological cycle and intracellular replication of the parasite; suggesting that these cells and in future other phlebotomine cell cultures could be considered for studying in vitro interaction between Leishmania parasites and sand fly vectors. [31] Plasmodium spp.
Out of the five species of genus Plasmodium, which are pathogenic to humans, four Plasmodium falciparum, Plasmodium vivax, Plasmodium ovale, and Plasmodium malariae, have been cultured or maintained in vitro. P. falciparum, however, is the only species for which all lifecycle stages have been established in culture. [32, 33, 34] The important media used for cultivating malarial parasite are shown in Table 4 . While in vitro growth of plasmodia is significant, growth under a completely cellfree condition is more important for research. [9] Toward this end, successful development of P. falciparum from merozoites to ring stage under cellfree conditions has been demonstrated. [35] The studies done have suggested that factors present in the erythrocyte but not necessarily the intracytoplasmic location of the parasite were needed for development. [35, 36] These extracellular forms react to the same monoclonal antibodies that the intracellular forms respond to, suggesting a similar pattern of molecular differentiation. [9, 37] Further refinement of technique is the use of a system with merozoites embedded in a Matrigel substrate in a well containing a fluid medium overlay, [38, 39] which could be changed with minimal disturbance to the parasites developing within the Matrigel layer. Ringstage parasites, gametocytes and shizonts; all have been demonstrated by different workers in this system. [38, 40] Cell suspension (using a shakingincubator) significantly increases culture growth, prolongs culture synchrony, and reduces rate of multiple infections. [41] Despite the advances, the practice of culturing the parasite under static conditions inside a candlejar remains widespread, as this can be used in laboratories almost anywhere in the world where there is an incubator, a candle and a desiccator. [42] Differences exist between strains of Plasmodium, [9] and isolates also undergo change once in culture, perhaps due to selection. In P. falciparum, for example, gametocyte formation is typical of recently cultured strains but is 7 8 lost with prolonged cultivation. In this regard, it is important to note that cryopreservation of isolates can maintain those characteristics in a strain that may be lost on prolonged cultivation. [43] Babesia spp.
Techniques for culturing Babesia have been developed only for animal species as yet. [44] Given the similar niches of the malaria parasite and Babesia, one might suppose that the methods for cultivation of Plasmodium would work for Babesia; however this has not been the case. [44, 45, 46] Cattle parasite Babesia bovis was the first one to be established in continuous cultures using an agitated suspension culture technique and later on using a stationary layer of erythrocytes called the microaerophilous stationary phase (MASP) culture, where the parasites proliferate in a settled layer of blood cells. [46, 47, 48] The MASP system is considered more convenient for parasite growth. [46, 49] Working with B. bovis, James et al. utilized the MASP culture technique to demonstrate exoantigens released by the parasite. [44, 50] Another study revealed that supernatants derived from Babesia antigentreated monocyte cultures were inhibitory for B. bovis cultures. [44, 51] Culture attenuated live babesias and exoantigens have been used to immunize cattle, with the former being more protective than the latter. [44, 52] Recently a novel method for the culture of Babesia canis involving use of Ham's medium F10 or F12 incubated first under higher temperature of 34°C38°C followed by lower temperature of 0°C10°C, has been developed by Nathalie Laurent under US patent 4777036. This method is useful for large scale production of B. canis antigens, which may be used for producing vaccine against canine piroplasmosis.
[53]
Coccidia and microsporidia
The cell lines/culture environments which have been found useful for cultivating coccidian and microspoidia are summarized in Table 5 . [54] The earliest attempts were done by Current and Long, who described the development of Cryptosporidium spp. in the endoderm cells of the chorioallantoic membrane (CAM) of chicken embryos maintained at 37°C. [55] Despite this initially reported success, later workers could not completely replicate the results. Afterwards, some success was achieved in human fetal lung, primary chicken kidney, and porcine kidney10 cells. [10, 13] Human colonic tumour8 cell lines have by far performed best in cultivating Crptosporidia, when done under 5% CO at 37°C. [13, 56, 57, 58, 59, 60, 61] It is worth mentioning here that the most humanrelevant species of Microsporidia Enterocytozoon bieneusi cannot be cultured.
Helminths
Attempts have been made to culture parasitic helminths in nutrient media, and in some instances partial success has been achieved. Some common media used for helminth cultivation are shown in Table 6 . Aseptic techniques in bacteriafree media have prolonged the life of the worms, and in some species have resulted in development from larva to a more mature sexual stage or to sexual maturity. The complexity of helminth metabolism and inability to meet essential environmental conditions account for failure to complete the lifecycles of many of these organisms under artificial conditions. [8] Considerable success has been achieved in efforts to develop parasitic nematodes in axenic liquid media through freeliving larvalstages and in some instances the more mature (3 and 4 ) parasitic larvalstages. [62] One of the few helminth systems for which in vitro cultivation has been relatively successfully carried out is the larvalstage of Echinococcus multilocularis. Spiliotis et al. have introduced the first truly axenic system for longterm in vitro maintenance of metacestode vesicles. [63] It is relatively easy to obtain the freeliving stages of Strongyloides spp. exhibiting indirect development. Rhabditiform larvae of these strains, recovered from the stool of natural hosts, provide the inoculums. If conditions of moisture, pH and nutrition are properly maintained, development may be continued through several freeliving generations, and theoretically for an indefinite period before the organism produces filariform larvae. [64] Out of the various cultivation techniques used for Strongyloides infection, Baermann technique is the most popular. [65] Agar plate culture is more sensitive in which stool is placed onto agar plates and visible tracks are created as the larvae crawl carrying bacteria with them. The plates are examined under the microscope for confirmation of the presence of larvae. [65] Larvalstage nematodes may also be cultured using HaradaMori technique, which employs a filter paper to which fecal material is added and is inserted into a test tube. Moisture is provided by water in the tube, and incubation under suitable conditions favors hatching of ova and/or development of larvae. Fecal specimens to be cultured should not be refrigerated as some parasites (especially Necator americanus) may fail to develop after refrigeration. [66, 67, 68 ]
MAINTENANCE OF STOCK CULTURES
There are various methods for maintaining stock cultures of protozoan parasites, for example repeated subcultures, freezing at −20°C and ultralow temperature freezing at −70°C to −196°C using cryoprotectants such as 1030% glycerol, 5% dimethyl sulfoxide and sucrose. [69] They can also be stored as dried filter paper strips at room temperature. [70] 
IN VIVO CULTIVATION OF PARASITES
Some animal parasites which have thus far been refractory to in vitro cultivation may be developed in appropriate animal tissues. [71, 72] Some important examples of animal inoculation being used an in vivo diagnostic method are summarized in Table 7 .
XENODIAGNOSIS
Triatomid bugs have been employed for diagnosing Trypanosoma cruzi infections where it has not been possible to demonstrate the organisms in blood films. Laboratory reared bugs are fed upon patient's blood, and the intestinal contents of the bugs are examined for flagellates 1030 days after the blood meal. These may then be inoculated into mice for further confirmation. [73] Davis and Mavros have employed the xenodiagnostic principle to identify Borrelia hispanica using ticks and guinea pigs, [74] while Beck fed human diaphragms to clean white rats to detect Trichinella spiralis larvae that otherwise would have escaped discovery. [75] SUMMARY In 1904, Novy, Mc Neal and Nicole initiated culture of parasites by their success in cultivating Trypanosoma and Leishmania sp. In conjunction with the rapid advancement in microbiological culture techniques, great strides were also made in culture of parasites. Individuals working in this field have indicated that successful parasitic culture is a science as well as art; therefore, clinical laboratories have been somewhat hesitant to undertake these types of diagnostic procedures on a routine basis. However, with proper culture controls in addition to patient specimen cultures, clinically relevant information can be obtained from cultures when other diagnostic methods may be unsuccessful. Though both in vitro and in vivo cultivation techniques are significant in their own rights, the in vitro techniques are easier to standardize than that of in vivo, hence it is easier to compare the data generated by various researchers. Cultivation of parasites that cause human diseases is invaluable, as it provides information on the development and natural history of the parasite and
